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Jennifer Watson, MD, Jeffrey Slaiby, MD, Manuel Garcia Toca, MD, Edward J. Marcaccio Jr, MD, and
Tze Tec Chong, MD, Providence, RI
Objective: This study reviewed the natural history of blunt thoracic aortic trauma (BTAT) over a 14-year period at our
level 1 trauma center and compared open vs endovascular treatment.
Methods: All patients with BTAT presenting to a level 1 trauma center from 1998 to 2011 were included in a retrospective
analysis. Multiple data points and short-term and midterm outcomes were ascertained through a retrospective record
review.
Results: We identiﬁed 129 patients with BTAT. Of these, 32 (25%) were dead on arrival, 38 (29%) underwent a resus-
citative thoracotomy and died, 33 (26%) underwent open repair, 14 (11%) underwent endovascular repair, 9 (7%)
underwent simultaneous procedures, and 3 (2%) were managed nonoperatively. Mean Injury Severity Scores and Revised
Trauma Scores were similar (P[ .484, P[ .551) between the open repair group (n [ 36) and the endovascular repair
group (n[ 14). In the open repair group, there were 14 deaths (42%) #30 days of injury, 3 strokes (9%), 2 patients (6%)
with paralysis, 2 myocardial infarctions (MIs; 6%), and 3 patients (9%) who required hemodialysis. In the endovascular
group, there was 1 death (7%) #30 days of injury, 1 (7%) stroke, and 1 (7%) stent collapse. No paralysis, MI, or renal
failure requiring hemodialysis was noted in the endovascular group. The average length of stay was 15 days for patients
treated with endovascular repair vs 24 days for those treated with open repair (P [ .003).
Conclusions: The incidence of BTAT is low but the mortality associated with it is signiﬁcant. During the 14-year period
studied, there was a clear change in management preference from open repair to endovascular repair at our level 1 trauma
center. Outcomes, including stroke, MI, renal failure, paralysis, length of stay, and death, appear to be reduced in the
endovascular group. (J Vasc Surg 2013;58:380-5.)Blunt thoracic aortic trauma (BTAT) is a rare but
morbid condition that occurs with signiﬁcant deceleration
injury.1,2 This uncommon injury occurs in <1% of motor
vehicle collisions but is thought to be responsible for 16%
of deaths, making BTAT the second leading cause of
motor vehicle-related death after head injury.1-5 It has
a prehospital mortality rate of 80% to 90% and because of
this accounts for <0.5% of trauma admissions.1,3,6
The optimum management of patients who do survive
the prehospital period remains unclear. Classically, this
injury was suspected based on mechanism and ﬁndings
on plain chest ﬁlm, conﬁrmed with chest computed
tomography (CT) or angiography, and was treated by an
open clamp-and-sew technique.1,2 The open technique,
which has been used for>50 years, requires a thoracotomy,
aortic cross-clamp, lengthy operative times, and in many
cases, cardiopulmonary bypass.2 High mortality rates of
28% to 31% and paraplegia rates of 8.7% to 16% have
been reported by multiple sources.1,7,8the Rhode Island Hospital and The Warren Alpert Medical School of
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://dx.doi.org/10.1016/j.jvs.2013.01.045Endovascular aortic stent grafting is a promising tech-
nique for the treatment of BTAT. The less invasive nature
of endovascular surgery may decrease operative times,
avoid thoracotomy-related morbidities, decrease blood
loss, lower paraplegia rates, and eliminate the need to
open an additional body cavity.1,4 Multiple case reports
and small series have demonstrated the feasibility and lower
short-term complication rates of the endovascular tech-
nique. In 2011, the Society for Vascular Surgery published
practice guidelines for the endovascular repair of traumatic
thoracic injury.4 They reviewed 139 studies and suggested
improved survival with endovascular treatment over open
repair and nonoperative management.4 However, they
stated that the overall level of evidence was poor and
thus further investigation was required.4 We perceived
a paradigm shift at our own institution from open to endo-
vascular repair and set out to evaluate our experience.METHODS
The Rhode Island Hospital Institutional Review Board
approved this study. We retrospectively reviewed all
patients with blunt traumatic aortic injury involving the
thoracic aorta from the aortic arch to the celiac axis pre-
senting to our level 1 trauma center in Providence, Rhode
Island, from 1998 to 2011. Rhode Island Hospital is
a high-volume facility in an urban environment, with rela-
tively short transport times. Patients were identiﬁed
through our trauma registry database based on admission
and discharge diagnosis. Patients were excluded when the
record review did not conﬁrm the diagnosis of BTAT.
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Severity Score (ISS), Revised Trauma Score (RTS), initial
systolic blood pressure, initial heart rate, level of triage,
mechanism of injury, and associated injuries. Injury-
speciﬁc details were extracted, including location of injury,
aortic diameter at the level of injury, presence of contrast
extravasation or periaortic hematoma, and associated
thoracic injuries. Procedure-related details, including
technique, device type, operative time, estimated blood
loss, total number of red blood cell transfusions, body
temperature at the end of the procedure, and patient
stability (deﬁned as the presence or absence of vasopressors
at the conclusion the case), were obtained. Short-term
outcome data included intensive care unit (ICU) length
of stay (LOS), ventilator days, total hospital LOS, death
#30 days, stroke, myocardial infarction (MI), renal failure
(deﬁned as doubling of admission creatinine), need for
hemodialysis, paralysis, superﬁcial wound infection, graft
infection, and graft-related reinterventions. Limited midterm
follow-up data, including number of ofﬁce visits #1 year,
death #1 year, need for reintervention #1 year, and
need for carotid-subclavian bypass, were extracted for each
patient.
To examine for differences between patients undergoing
open surgical and endovascular repair, the c2 test was used
for qualitative variables and the Student t-test was used for
quantitative variables. Means with P values <.05 were
considered statistically signiﬁcant. Additional analysis was
performed to compare patients who underwent a resuscita-
tive thoracotomy, simultaneous repairs, or no intervention.
Because this was a retrospective review spanning 14
years, surgical techniques varied greatly. Many different
surgeons were involved in these procedures, including
cardiothoracic, general, trauma, and vascular surgeons.
Board-certiﬁed vascular surgeons performed all endovascu-
lar repairs. Open repairs were performed by a combination
of providers. Of the 27 open repairs, trauma surgeons per-
formed three repairs, and a general surgeon preformed one.
Five cases were started by a general or trauma surgeon and
complete by a cardiothoracic surgeon. It appears that very
unstable patients were taken to the operating room by
available in-house staff (general or trauma surgeons). These
patients appeared to have worse outcomes, but that may be
more related to their preoperative state than to the training
of the person performing the operation. Because the
numbers were small, we did not further analyze this.
RESULTS
A total of 140 patients with BTAT were initially identi-
ﬁed, and BTAT was conﬁrmed in 129 (Fig). Thirty-two
patients (25%) were dead on arrival and did not undergo
any diagnostic or therapeutic intervention. Most of these
were men, with a mean age of 37 years, and an extremely
high number of associated thoracic injuries, including
pulmonary contusions in 100%, rib fractures in 86%, sternal
fractures in 53%, and left-sided hemothorax in 92%. Autopsy
reports were highly variable in the amount of detail provided
about the thoracic injury and did not allow for injurygrading. Native aortic diameters were not recorded in most
of the autopsy reports. Injury location was available in 25
of the 32 autopsy reports, and 92% of the documented
injuries occurred at or #2 cm of the left subclavian artery.
Cause of death was listed solely as aortic injury in 48% of
patients.
Thirty-eight patients (29%) underwent a resuscitative
thoracotomy, all of whom died #60 minutes of arrival.
None of these patients underwent imaging and all were
grossly unstable. Findings at the time of thoracotomy were
variable, but an abnormality in the thoracic aorta was noted
in 35 of 38 patients, with three diagnosed at autopsy only.
Massive hemothorax was documented in 28 patients, and
blood within the pericardium was noted in nine. All
38 patients underwent an autopsy in which the presence of
a traumatic thoracic injury was conﬁrmed. Details regarding
aortic diameter, volume of hemothorax, and extent of
injury were limited. Cause of death in most patients was
a combination of intrathoracic, intracranial, and intra-
abdominal injuries. Rarely was the thoracic aortic injury
listed as the sole cause of death (19%) on the autopsy report.
Nine patients (7%) underwent simultaneous proce-
dures, comprising laparotomy with thoracotomy (n ¼ 8)
and craniotomy with thoracotomy (n ¼ 1). All of these
patients were hemodynamically unstable, imaging was
very limited or not performed, and all died #24 hours,
regardless of treatment.
Three patients (2%) who presented with stable vitals
signs did not receive an operative intervention. The ﬁrst
patient died in the CT scanner while undergoing initial
diagnostic imaging of a grade IV injury. A second patient
sustained nonsurvivable intracranial injuries and was not
offered repair for his grade II thoracic injury. The ﬁnal
patient sustained a small intimal tear near the origin of
the left subclavian artery (grade I injury), was treated non-
operatively, and had follow-up imaging was normal at
2 weeks after injury.
Thirty-three patients (26%) underwent open repair,
and 21 of these repairs were performed in the ﬁrst 5 years
of the period reviewed. Dacron tube grafts were used in all
cases. A left atrium-to-femoral bypass was used in 14
patients, and a clamp-and-sew technique was used in all
other patients. All patients were taken to the operating
room #48 hours of presentation. Injuries were diagnosed
by chest CT in 82% of patients. Six injuries were diagnosed
with a plain ﬁlm, followed by an aortogram. Of the 27
patients who underwent CT scans, 12 had a grade II injury,
12 had a grade III injury, and three patients had a grade IV
injury. The level of injury was #2 cm of the origin of the
left subclavian in 31 patients. The injury in one patient
was at the level of the aortic root and in another patient
was 3 cm beyond the left subclavian artery. The mean
aortic diameter at the level of injury was 3.2 cm (range,
1.9-4.2 cm). Some of these measurements were taken
from angiograms if a CT was not available.
Of the 33 patients who underwent open repair, there
were 14 deaths (42%), 3 strokes (9%), and 2 MIs (6%);
in addition, 3 patients (9%) required hemodialysis, and
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Fig. Review shows outcomes of 140 patients who were initially identiﬁed with blunt thoracic aortic injury.
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382 Watson et al August 2013paralysis occurred in 2 (6%). Three of the 14 deaths were
intraoperative, three more occurred #24 hours, with the
rest occurring >24 hours but #30 days. Early deaths
were attributed to the thoracic aortic injury, whereas deaths
>24 hours were associated with traumatic brain injury,
pneumonia, sepsis, MI, and stroke. Mean hospital LOS
for patients who survived the ﬁrst 30 days was 21 days.
There were no graft infections or need for repeat
surgical interventions for repair-related complications.
Superﬁcial wound infections were identiﬁed in ﬁve patients
and were treated with antibiotics and local wound care. In
the three patients who sustained a stroke, the cause was
difﬁcult to determine. Also strokes were diagnosed #12
hours of the procedure. In two of the three patients, the
proximal clamp was placed proximal to the left subclavian
artery, and left atrium-to-femoral bypass was initiated in
both patients. The clamp-and-sew technique was used in
the third patient. Immediate paralysis was noted in two
patients, both of whom had undergone a clamp-and-sew
technique (clamp times were 31 and 43 minutes). Postop-
erative lumbar drains and elevated mean arterial pressure
was used with limited beneﬁt in both patients.
The mean number of thoracic repair-related outpatient
follow-up visits in the ﬁrst year after injury was 1.2. Two
patients died between 31 days and 1 year after injury.
One patient died of paralysis-related complications, and
the other died of a self-inﬂicted gunshot wound.
Fourteen patients (11%) underwent endovascular
repair. These patients had similar demographics to the
open repair group, with a male predominance and an
average age of 40.9 years. ISS and RTS were also compa-
rable to that of the open repair patients. (Table I). All
patients were treated #48 hours of injury. Each patient
underwent a chest plain ﬁlm and a chest CT before repair.
These CT scans revealed seven grade II injuries, ﬁve grade
III injuries, and two grade IV injuries. Gore TAG (W. L.
Gore & Associates, Flagstaff, Ariz) devices were used in
10 patients, three cases were performed with Gore
Excluder extension cuffs (W. L. Gore & Associates), and
one Cook TX2 (Cook Inc, Bloomington, Ind) was used.Endovascular cases were performed under general
anesthesia as isolated surgical procedures. Femoral access
was obtained through an open cutdown in all but one
patient, in whom percutaneous access was used. None of
our patients required a conduit, and no access-related
complications were noted. The mean aortic diameter at
the largest portion was 2.9 cm (range, 1.7-3.8 cm). Twelve
of 14 injuries were at or#2 cm of the left subclavian artery.
The location of injury was a mean distance of 21 mm
(range, 0-80 mm) from the left subclavian artery. Four
patients (28.4%) required subclavian coverage, none of
which were revascularized at the time of stent placement.
One of these four patients will require bypass in the future
for arm claudication. Acute limb ischemia, stroke, or paral-
ysis did not occur in these four patients. The use of
systemic heparinization was variable and depended on
injury pattern. A lumbar drain was not used in any endovas-
cular procedure.
The mean operative time was 155 minutes, mean esti-
mated blood loss was 570 mL, and the average intraoper-
ative red blood cell transfusion was 0.6 units. No
intraoperative deaths occurred, and only one patient
required a vasopressor at the conclusion of the procedure
(Table II). The average ICU LOS was 1.7 days, and the
mean hospital LOS was 15 days.
One stroke (7%) occurred in the endovascular group,
which resulted in death. This stroke is thought to have
been embolic secondary to wire manipulation within the
aortic arch. There was no paralysis, MI, or renal failure
requiring hemodialysis (Table III), One patient required
additional operative interventions for stent collapse and
arm claudication. This patient required multiple reinterven-
tions in the ﬁrst year, including an extra-anatomic bypass,
placement of a Palmaz stent (Cordis/Johnson & Johnson,
Warren, NJ), and carotid-to-subclavian bypass. There were
no superﬁcial wound or graft infections. In the ﬁrst year
after injury, the mean number of follow-up visits was 2.8;
all patients were seen at least once and underwent at least
one chest CT. There were no additional deaths or stent-
related complications at 1 year.
Table II. Operative data of patients with blunt thoracic aortic injury who underwent open and endovascular repair
Variables
Open repair (n ¼ 33), Endovascular repair (n ¼ 14),
Pmean (SD) or % mean (SD) or %
Operative time, minutes 202 (105) 155 (55) .053a
Estimated blood loss, mL 1500 (1) 570 (1) <.001a
Intra-op RBC transfusions, U 3.9 (0.6) 0.6 (0.6) <.001a
At the end of the procedure
Body temp, F 96.9 (0.8) 97.6 (0.4) .001a
Need for vasopressors 77 8 <.001b
Patients deemed stable 22 93 <.001b
RBC, Red blood cells; SD, standard deviation.
aStudent t-test.
bc2 test.
Table I. Demographic data of patients with blunt thoracic aortic injury who underwent open and endovascular repair
Variable
Open repair (n ¼ 33), Endovascular repair (n ¼ 14),
Pmean (SD) or % mean (SD) or %
Male 76 93 .173a
Age, years 40 (18) 41 (16) .938b
ISS 36 (14) 33 (8) .484b
RTS 9.7 (3.9) 10.4 (3.5) .551b
Initial SBP, mm Hg 120 (24) 106 (26) .100b
Initial HR beats/min 112 (24) 92 (23) .022b
Aortic diameter, cm 3.4 (0.6) 2.9 (0.6) .018b
HR, Heart rate; ISS, Injury Severity Score; RTS, Revised Trauma Score; SBP, systolic blood pressure; SD, standard deviation.
ac2 test.
bStudent t-test.
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speciﬁc selection criteria for which type of repair patients
received. In the beginning of the study period, endovascu-
lar repair was not available, and by the end of the study
period it was being used exclusively.
DISCUSSION
BTAT poses many challenges to the clinician because
these injuries are often fatal, difﬁcult to diagnose, and are
almost universally combined with other serious injuries.
In our review, only 34% of patients who arrived with signs
of life were still alive at 30 days, regardless of treatment.
This is consistent with prior reports where 30-day survival
was 30% to 50%.1,9 Many of these patients sustained
multiple life-threatening injuries, and their exact case of
death was often listed as a combination of injuries.
Classically, BTAT has been treated with open surgical
repair, which involves a thoracotomy, aortic cross-clamp,
and in some cases, cardiopulmonary bypass. Open proce-
dures can lead to devastating complications such as paralysis,
coagulopathy, and prolonged ICU stays.2 PostoperativeMI,
stroke, and renal failure are not uncommon.1,2 Mortality
rates of 30% to 40% are expected for patients undergoing
open repair.10Our goalwas to review the presentation, treat-
ment, and outcomes of patients presenting with BTAT and
to compare classical open treatment with endovascular
treatment.Of the 129 patients who arrived at Rhode Island
Hospital with BTAT, more than half died in the emergency
department, which is consistent with current literature.9,11
Our experience was that resuscitative thoracotomy for
BTAT and was uniformly unsuccessful. BTAT can be difﬁ-
cult to identify before the thoracotomy is performed. On
the basis of our ﬁndings, we recommend termination of
resuscitative thoracotomy once BTAT is identiﬁed because
the procedure presents risks to the health care team and
appears futile. Some groups have suggested placement of
aortic occlusion balloons in place of resuscitative thora-
cotomy, and this technique may hold promise for the
future of endovascular repair. However, in our 14-year
experience, all patients with BTAT who suffered loss of
vital signs in the emergency department did not survive.
Combination or simultaneous procedures were also
unsuccessful. Nine patients underwent treatment of their
thoracic aortic injury concurrently with a laparotomy or
craniotomy, and they all died in the operating room or
#90 minutes postoperatively. Treatment of all thoracic
injuries in this group was attempted by open repair, whereas
no endovascular repairs were performed as a combined
procedure. Theoretically, endovascular procedures may
cause less physiologic stress and be applicable to these situ-
ations; however, we do not have experience with this.
In patients who presented with vitals signs such that
they could undergo diagnostic work-up, the diagnosis of
Table III. Postoperative complications #30 days
Variable
Open repair (n ¼ 33), Endovascular repair (n ¼ 14),
PaNo. (%) No. (%)
Death 14 (42) 1 (7) .019
Stroke 3 (9) 1 (7) >.99
MI 2 (6) 0 (0) >.99
Acute renal insufﬁciency 13 (39) 3 (21) .321
Need for hemodialysis 3 (9) 0 (0) .544
Paralysis 2 (6) 0 (0) >.99
Superﬁcial wound infection 5 (15) 0 (0) .303
Procedure-related return to operating room 0 (0) 1 (7) .298
MI, Myocardial infarction.
aAll P values by c2 test.
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chest CT. Patients who were too unstable to undergo chest
plain ﬁlms universally died of their injury. BTAT is associ-
ated with classic chest plain ﬁlm ﬁndings, including medias-
tinal widening, apical capping, deviation of the trachea, and
loss of the anterior-posterior window. Although others
have reported up to 44% of plain ﬁlms appear normal in
BTAT,12,13 we found that abnormalities were seen in
>80% of patients. This information, combined with an
appropriate mechanism of injury, can allow for judicious
use of chest CT. Chest CT provides essential information
about the grade of injury, location of injury, and aortic
diameter.14 In the 129 patients we reviewed, 89% of
injuries, both fatal and nonfatal, were at or #2 cm of the
left subclavian artery.
Care must be take when comparing patients who
received endovascular treatment with those who received
open treatment because of the small number of patients
and the retrospective nature of our review. In addition,
differing injury patterns among patients with BTAT further
obfuscate meaningful underlying patterns. However, our
review is consistent with that of other groups.8,11,15-17
Our review found demographics of the patients treated
with open repair and endovascular repair were similar,
with most patients being young, male, and having multiple
associated injuries and similar RTS and ISS. Triage level,
initial vital signs, ﬁndings on chest plain ﬁlm, injury loca-
tions, injury grade, and associated ﬁndings on CT scans
were not different between groups. All interventions were
performed #48 hours of presentation because delayed
repair was not thought to be safe during this period at
our institution. Most of the open repairs (72%) were per-
formed in the ﬁrst 7 years of the review period, with
a signiﬁcant paradigm shift toward endovascular repair in
the later portion of the review period. In the last 3 years
of the study period, no open repairs were performed.
We found operative times, estimated blood loss, intra-
operative red blood cell transfusions, and intraoperative
deaths were signiﬁcantly greater in the open group
compared with the endovascular group. Patients under-
going endovascular repair were more likely to be normo-
thermic, and at the end of the procedure, less likely to
require vasopressors and demonstrated improve overallstability. The importance of limiting operative times,
reducing blood transfusions, and maintaining normo-
thermia cannot be overemphasized in a patient population
with multiple traumatic injuries.
The techniques used in our endovascular cases are
consistent with the 2011 consensus guidelines, which
recommend open femoral exposure, general anesthesia,
selective revascularization in the case of left subclavian
artery coverage, avoidance of routine spinal drainage in
traumatic cases, and selective heparinization.4 Multiple
authors have reported the technical feasibility of endovas-
cular repair.11,15-17 Our immediate technical success rate
was 100%. There were no intraoperative access-related
complications, conversions to open procedures, or deaths
in our 14 patients. No intraoperative deaths were noted
in the 14 patients treated with endovascular repair.
However, one patient sustained a stroke in the immediate
postoperative period. This was thought to be procedure-
related, likely secondary to emboli related to wire and
device manipulation. One stent collapse occurred 3 days
postoperatively with hemodynamic instability and was
treated with extra-anatomic bypass and endovascular inter-
vention. No superﬁcial wound infections, graft infections,
endoleaks, stent fractures, or stent migration occurred in
the ﬁrst year after injury. Increased death rates, strokes,
paralysis, MIs, wound infections, and renal failure requiring
hemodialysis were seen in the open repair patients. ICU
and total LOS were shorter for those undergoing endovas-
cular repair.
Potential problems with endovascular repair include
stent migration, stent collapse, endoleaks, poor patient
compliance with follow-up, and need for reinterven-
tions.1,2,4 Newer endovascular devices have already vastly
reduced stent-related complications, allowed for treatment
of smaller aortic diameters, and potently reduced reinter-
vention rates.4 However, there has been concern regarding
follow-up in the trauma patient population. In the ﬁrst
years after injury, all patients in the endovascular repair
group had at least one follow-up visit, with each patient
undergoing at least one chest CT scan. Though only the
initial postoperative year was analyzed, it is hoped that
these patients will follow-up and that repeat imaging can
be obtained. Uncertainty remains regarding what will
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conﬁguration changes. The effect of multiple CT scans,
contrast loads, the need for secondary interventions, and
long-term compliance with follow-up raise concern.
However, the immediate beneﬁt of reduced mortality and
avoidance of devastating complications, such as paralysis
and renal failure, outweigh the potential for long-term
complications.
We recommend rapid assessment and diagnosis with
chest plain ﬁlm, followed by chest CT, for all patients
with suspected blunt thoracic injury. In our experience,
patients who present too unstable to undergo a CT scan
secondary to their blunt thoracic injury universally die of
their injuries, regardless of treatment. We have found
that the great majority of patients can undergo endovascu-
lar repair, and it is our preferred approach. Open repair is
only performed when appropriate materials are not avail-
able, arch anatomy is such that appropriate landing zones
do not exist, or prior surgery makes stent placement impos-
sible. On the basis of our experience, we recommend repair
as soon as possible, keeping in mind concurrent injuries
and the multidisciplinary approach that is required in
such patients.
CONCLUSIONS
During the 14-year period of this review, there was
a clear paradigm shift at our institution from open repair
to endovascular repair. Outcomes, including stroke, MI,
renal failure, paralysis, LOS, and death, seem to be reduced
with the endovascular approach. Midterm follow-up was
also promising, with adequate compliance with follow-up
in all patients in the endovascular group and no stent-
related complications at 1 year after injury. Long-term
data are still lacking, and future investigation is need.
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